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understand	 these	 challenges	 and	 possible	 solutions,	 the	 South	 African	 Government	 has	
crafted	a	long	term	energy	strategy	called	the	Integrated	Resource	Plan	2010-2030	which	is	
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however	 “determining	 the	appropriate	 level	of	 supply	 security	 is	 a	 trade-off	between	 the	
costs	 involved	 in	 improving	 power	 system	 reliability	 and	 the	 losses	 to	 the	 economy	 and	
customer	 welfare	 associated	 with	 power	 outages”	 (Wilson	 and	 Adams,	 2006).	 To	 ensure	
electricity	 supply	 one	must	 take	 into	 account	 the	 growth	 in	 demand	 for	 energy,	 types	 of	




Selecting	 the	 technology	 is	 a	multi-dimensional	 task.	One	has	 to	balance	 the	 lead	 time	of	
construction	to	meet	a	constantly	changing	demand	profile	while	ensuring	adequate	reserve	















per	 month”	 (Yelland,	 2015).	 South	 Africa	 is	 becoming	 economically	 uncompetitive,	 the	
increased	 scarcity	 of	 electricity	 combined	 with	 escalating	 cost	 of	 energy	 has	 serious	
implications	for	the	economy,	such	as:	Increased	uncertainty,	higher	input	costs,	increased	
inflation	 and	 job	 losses.	 This	 is	 Important	 in	 a	 country	 that	 is	 struggling	 to	 achieve	
employment	growth,	where	the	unemployment	rate	sits	at	25%	(Mckinsey	,	2015).	
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affordable	 electricity	 is	 needed	 to	 achieve	 and	 sustain	 economic	 growth.	 New	 capacity	
decisions	are	vital	to	ensuring	the	sustainable	delivery	of	electricity	while	choice	of	technology	
will	determine	the	price	of	that	energy.	Therefore,	the	South	African	Government	needs	to	
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Natural	 gas	 is	 a	 hydrocarbon	 primarily	 made	 of	 methane	 (CH4)	 that	 is	 formed	 from	 the	
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in	policy	 changes	 in	many	countries,	one	of	 the	most	 significant	being	 the	Kyoto	Protocol	
(Fletcher	and	Parker,	2007).	The	“Kyoto	Protocol”	negotiations	were	completed	in	late	1997.	
The	protocol	establishes	 legally	binding,	mandatory	emissions	reductions	for	the	six	major	
greenhouse	gases	 (Fletcher	and	Parker,	2007).	 This	agreement	 signed	by	37	 industrialized	
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Unconventional	 reserves	 are	 increasing	 as	 technology	 advances	 in	 drilling	 and	 extraction	
methods	enabling	economic	recovery	of	these	previously	unprofitable	resources.		Natural	gas	
reserves	 are	 very	 highly	 concentrated	 in	 the	Middle	 East	 and	Russia,	with	 75%	of	 proven	










Infrastructure	 (U.S.	 Department	 of	 Energy,	 2015).	 Where	 geographical	 constraints	 are	







in	 pricing	 being	 set	 in	 regional	 markets	 rather	 than	 in	 a	 global	 market	 (Deloitte,	 2015).	
Because	 natural	 gas	 pricing	 in	 set	 in	 regional	markets,	 the	 pricing	mechanisms	 vary	 from	
region	to	region,	with	the	Asian	markets	being	oil	linked	and	the	United	States	markets	being	
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various	new	 supply	projects	 coming	online	 to	 serve	 the	growing	Asian	market	 should	 see	
Asian	prices	drop	to	lower	levels,	resulting	in	a	convergence	of	prices	(Stanley	,	et	al.,	2014).	
















Natural	Gas	 in	South	Africa	accounted	 for	2.72%	of	 total	primary	energy	use	 in	2013	 (BP,	
2015).	South	Africa	produced	41	billion	cubic	feet	(bcf)	of	dry	natural	gas	and	consumed	173	




































































the	 country”.	 This	 is	 negatively	 affecting	 economic	 growth	 as	 industrial	 customers	 are	
encouraged	 to	 reduce	 their	 energy	 usage	 by	 state-owned	 utility	 Eskom.	 South	 Africa	 has	
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steady	 increase	 in	demand	relative	to	a	stagnant	supply,	have	 left	the	country’s	electricity	
sector	 in	desperate	need	of	 expansion	 in	order	 to	prevent	 further	 catastrophe.	 The	post-
apartheid	government	has	key	goals	such	as	social	transformation,	with	access	to	electricity	
being	a	key	element	of	this	objective.	The	Presidency	of	South	Africa	(The	Presidency	,	2015)	
















































































is	 being	 “rolled	 over”	 (i.e.	 postponed)	 because	 Eskom	 cannot	 take	 any	 supply	 out	 of	 the	
system	without	demand	controlling	(load	shedding).“At	the	moment	Eskom	has	a	policy	of	
trying	 to	 ‘keep	 the	 lights	on’,	which	means	avoiding	maintenance	on	 the	power	 stations”	




























































































Of	 Energy,	 2010).	 The	 report	 takes	 into	 account	 various	 inputs	 and	 objectives	 to	 plan	
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west	 of	 Lephalale)	 in	 the	 Limpopo	 Province.	 The	 Waterberg	 coal	 fields	 in	 Limpopo	 are	
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Kusile	 is	 also	 a	 Greenfields	 coal	 fired	 power	 station	 under	 construction	 in	 Nkangala,	
Mpumalanga.	 The	 nameplate	 capacity	 of	 Kusile	 will	 be	 4800	MW,	 the	 same	 as	 Medupi,	
making	them	both	the	fourth	largest	coal	fired	power	stations	in	the	southern	hemisphere	









(tcf)	 at	 the	 end	 of	 2015	 (Business	Monitor	 International,	 2015),	 resulting	 in	Mozambique	
having	 the	 13th	 largest	 proven	 reserves	 in	 the	world	 (Energy	 Information	 Administration,	
2014).	Final	recoverable	reserves	are	not	yet	known	until	exploration	companies	book	final	
reserves.	 Business	 Monitor	 International	 expects	 (Business	 Monitor	 International,	 2015)	
“Mozambique	to	make	its	presence	felt	in	the	global	LNG	market	by	early/mid	next	decade”.		
The	 exploration	 license	 holders	 are	 aggressively	 moving	 ahead	 on	 plans	 to	 develop	 the	
Rovuma	basin	discoveries	with	LNG	trains	leading	the	development	(Stanley	,	et	al.,	2014).		
	









According	 the	 the	 Integrated	 Resource	 Plan	 (Department	Of	 Energy,	 2010)	 “Building	 gas-
driven	CCGT	power	plants	requires	the	creation	of	gas	infrastructure.	In	addition	to	the	CCGT	
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South	 Africa	 faces	 a	 number	 of	 challenges	 is	 realising	 the	 use	 of	 Mozambican	 gas	 as	 a	
feedstock,	mainly	a	lack	of	infrastructure	and	distance	between	market	and	the	source.		


















According	 to	 Price	 Waterhouse	 Coopers	 (2015),	 there	 have	 been	 number	 of	 local	 and	
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• LNG	 supply	 is	 outstripping	 demand	 as	 a	 result	 of	 developments	 in	 North	 America,	
Australia	and	East	Africa.	This	provides	opportunities	for	additional	gas	supply	to	South	
Africa.	Companies	such	as	PetroSA,	Sasol	and	Shell	are	investigating	the	feasibility	of	





Africa	 (PASA).	 If	 the	 reserves	are	commercially	viable	 then	possible	production	 from	
around	2023.	Shale	gas	technology	has	significantly	improved	over	the	last	few	years	
and	will	assist	the	development	of	shale	gas	exploration	and	production	going	forward.		
• CNG	 tankers	 supplying	 natural	 gas	 from	 Angola	 to	 the	 Western	 Cape	 are	 being	
investigated.		
• “Chemical	 conversion	 options,	 of	 which	 the	 biggest	 potentials	 are	 Gas	 to	 Liquids,	
ammonia,	methanol	and	ethylene.		They	are	already	practised	in	South	Africa,	but	there	
is	 certainly	 potential	 for	 more	 GTL	 and	 ammonia	 (depending	 on	 cost	 of	 feed	 gas),	
whereas	ethylene	is	also	possible”	(Putter,	2016)	
From	the	above	it	can	be	seen	there	are	various	opportunities	for	South	Africa	to	increase	the	




new	 capacity.	 Nuclear	 power	 is	 a	 possible	 option	 but	 due	 to	 its	 complexity	 and	 safety	
requirements	the	lead	time	of	construction	is	very	long.	
McKinsey	(2015)	also	positions	that	although	new	coal	and	nuclear	assets	are	important	for	
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Gas	 Turbines	 (as	 the	 names	 suggest	 these	 are	 both	 based	 on	 turbine	 technology).	 Gas	
turbines	work	on	the	same	principles	of	a	jet	engines,	they	are	theoretically	very	simple	and	
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using	 the	 exhaust	 gases	 that	 are	 otherwise	wasted	 (out	 of	 the	Open	 cycle	 gas	 turbine	 to	
generate	steam	for	a	steam	turbine	unit).	CCGT’s	are	run	at	higher	temperatures	to	create	
increased	amounts	of	exhaust	gases	which	are	captured	to	boil	water	and	create	steam,	for	
the	steam	turbine	therefore,	generating	more	power	 from	the	same	amount	of	 fuel	 input	
























































































Gas		 Coal		 Nuclear		 Hydro		 Wind		 Biomass		 Geothermal		 Solar	
Construction	
Cost	 5	 4	 1	 3	 4	 3	 2	 3	
Electricity	Cost		 5	 5	 4	 2	 3	 3	 3	 2	
Land	Use		 4	 3	 5	 3	 2	 1	 4	 2	
Water	
Requirements		 3	 1	 1	 3	 5	 1	 3	 5	
C02	Emissions		 3	 1	 5	 5	 5	 4	 4	 5	
Non-CO2	
Emissions		 3	 1	 5	 5	 5	 2	 4	 5	
Waste	Products		 5	 1	 3	 5	 5	 2	 4	 5	
Availability		 5	 5	 5	 3	 0	 5	 5	 1	




low	 construction	 cost,	 low	 operating	 cost,	 relatively	 small	 land	 usage,	 has	 below	 average	
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coal).	 “Gas	 is	 also	 practically	 free	 from	 sulphur	 dioxide	 and	 carbon	monoxide	 emissions”	
(Deloitte,	2015).	From	an	environmental	stand	point	natural	gas	provides	a	very	attractive	










































































and	 operation	 (this	 does	 not	 include	 the	 cost	 of	 the	 fuel	 feedstock)	 basis	 is	 a	 very	 cost	
effective	choice	of	technology.	
	























































































Nuclear	 2'234	 N/A	 $5'530		 $93.28		 $2.14		
			Wind	
Onshore	Wind	 100	 N/A	 $2'213		 $39.55		 $0.00		
Offshore	Wind	 400	 N/A	 $6'230		 $74.00		 $0.00		
			Solar	
Solar	Thermal		 100	 N/A	 $5'067		 $67.26		 $0.00		
Photovoltaic	 20	 N/A	 $4'183		 $27.75		 $0.00		
Photovoltaic		 150	 N/A	 $3'873		 $24.69		 $0.00		
Conventional	
Hydroelectric	
500	 N/A	 $2'936		 $14.13		 $0.00		
Pumped	
Storage	
250	 N/A	 $5'288		 $18.00		 $0.00		
	
	







calculation	 gives	 an	 indication	 the	 utilisation	 of	 a	 plant:	 below	 are	 the	 approximate	 load	
factors	for	the	different	electricity	generation	categories.	
	
• Peaking	power	generation		 	 -	 0%-20%	
• Mid-merit	generation		 	 -	 20%-50%		
• Baseload	generation	 	 	 -	 50%	and	above	
	
Historically	these	Open	Cycle	Gas	Turbines	and	Combined	Cycle	Gas	Turbines	have	been	used	



















































Eskom	 produces	 and	 distributes	 95%	 of	 South	 Africa’s	 electricity	 and	 according	 to	 the	
Business	Monitor	 International	Research	 Institute,	 failure	to	win	regulatory	permissions	to	
hike	electricity	tariffs	will	 inhibit	Eskom’s	ability	to	stabilise	its	financial	position	“making	it	









the	 electricity	 reserve	margin,	 putting	 the	 existing	 power	 infrastructure	 under	 significant	
strain	to	keep	the	lights	on.		
	The	new	generating	 capacity	 coming	online	will	 “merely	be	playing	 catch-up	 to	demand”	
(Business	Monitor	International,	2015).		In	a	strengths,	weaknesses,	opportunities	and	threats	
(SWOT)	 analysis	 of	 the	 South	 African	 Electricity	 market	 done	 by	 Business	 Monitor	
International	shown	in	table	4.1,	demonstrates	that	maintenance	delays	as	well	as	new	build	




International,	 2015)	 Privatisation	 could	 be	 forced	 on	 the	 government	 in	 the	 long	 run	 -	
although	 they	 do	 not	 think	 this	 will	 occur	 in	 2015/2016	 as	 it	 would	 be	 too	 contentious	
politically.	
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• Abundant indigenous supplies of coal make this fuel the favoured choice in terms of the cost 
of capacity expansion, as it is cheap and not vulnerable to international supply concerns.  
• Considerable renewable energy potential, with the country making progress in exploiting it.  
• Highest level of electrification rate in Sub-Saharan Africa.  
• South Africa's business environment and the power sector's level of development give the 
country an edge over many of its regional peers, incentivising developers to use the country 
as a base.  
• Broad political stability is likely to persist, owing to the African National Congress (ANC)'s 
dominance at a national and provincial level.  
 
Weaknesses		
• Extensive use of coal in electricity generation implies rising carbon emissions; this will be a 
concern if a carbon tax is introduced by the government.  
• Outages are commonplace, having a severe impact on key industries such as mining and the 
manufacturing sector.  
• Delays in maintenance of existing power stations and the completion of those under 
construction give Eskom very little margin to cope with seasonal surges in power demand.  
• Lack of progress in privatising the power sector limits investments. 
• High currency volatility over the years has hampered investment planning. 
 
Opportunities		
• Demand for South African coal is driving investments into expanding the mining sector and 
supporting infrastructure, including power.  
• Investment into the development of offshore gas fields and plans to import liquefied natural 
gas should support the development of new gas-fired power stations.  
• Relatively strong, independent institutions, including the judiciary and security services.  
• Research into underground coal gasification of poor-quality coal reserves should help widen 
the energy mix in the long term.  
• The lifting of a moratorium on hydraulic fracturing (fracking) and continued exploration across 
the offshore Ibhubesi gas project underpin their view that gas will ultimately play a greater 
role in the energy mix.  
• The power plant and transmission grid infrastructure will continue to offer investment 
opportunities over their forecast period and beyond, thanks to a buoyant renewables 
industry, pressure on state utility Eskom to boost generation and South Africa's nascent 
nuclear expansion plans. 
• Lack of energy supply has been identified as a critical challenge by the government. 
 
Threats		
• The financial pressure facing Eskom has continued to mount over the last few years as 
delays in bringing large power projects online have eaten into projected revenue streams and 
exacerbated Eskom's debt exposure.  
• South Africa's power sector is in turmoil as supply shortages and rolling blackouts continue 






































• The economy continues to attract relatively low levels of foreign direct investment (FDI).  











making	 this	 vertically	 integrated	 utility	 one	 of	 the	 largest	 power	 companies	 in	 the	world	
(Business	Monitor	 International,	 2015).	 	 According	 to	 Business	Monitor	 international	 the	
remaining	 5%	 of	 electricity	 generation	 is	 produced	 by	 municipalities	 and	 other	 major	





Eskom	 is	 the	 South	 African	 electricity	 utility,	 formed	 in	 1923	 it	 became	 a	 wholly	 owned	
subsidiary	 of	 the	 government	 in	 accordance	 with	 the	 Eskom	 conversion	 action	 of	 2002,	
forming	Eskom	Holding	SOC	ltd.	According	to	Eskom	its	mandate	is	to	“to	provide	electricity	
in	an	efficient	and	sustainable	manner,	including	its	generation,	transmission,	distribution	and	
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Although	 Eskom	 benefits	 from	 a	monopoly	 position	 in,	 this	 seems	 to	 have	 done	 little	 to	
protect	 the	 power	 utility	 from	 deteriorating	 performance	 and	 escalating	 financial	
vulnerability	(Business	Monitor	International,	2015).	“The	government	presented	Eskom	with	
a	massive	challenge,	by	failing	to	support	the	state	owned	group	in	developing	generating	





• Eskom generates approximately 95% of the electricity used in South Africa and 
approximately 45% of the electricity used in Africa.  
• Dominant generation portfolio.  
• Control of transmission network.  
• Monopoly position  
• Stock exchange listing.  
 
Weaknesses		
• State control reduces flexibility.  
• Inadequate historic investment levels.  
• Heavy emphasis on costly thermal power.  
• Inadequate generating capacity.  
 
Opportunities		
• Additional power stations and major power lines are being built on a massive scale to 
meet rising electricity demand.  
• Diversification into other power forms.  
• Eventual privatisation.  
 
Threats		
• The financial pressure facing Eskom has continued to mount over the last few year  
• Eskom's funding gap has been estimated at about R225bn for the next four to five years 
• Changes in national energy policy. 
• Macroeconomic headwinds. 


































































































































As	 examined	 in	 the	 literature	 review	 South	Africa	 has	 been	 experiencing	 declining	 power	
available	 for	 distribution.	 Chris	 Yelland	 (2015)	 reports,	 there	 has	 been	 a	 rapid	 decline	 in	
availability	in	generation	capacity	as	a	result	of	unplanned	breakdowns	combined	together	
with	 increasing	planned	maintenance	 that	 is	needed.	Yelland	 (2015)	continues	 to	say	 that	






































































mw	 		 mw	 		 mw	 		 mw	 		 mw	 		 mw	 		 mw	 		 Total	MW	
Accumulated	
Total		 Symbol		 Station		
2013	 90	 Ag	 		 		 		 		 		 		 		 		 		 		 		 		 90	 90	 Ag	 Aggreko	
2014	 		 		 		 		 		 		 		 		 		 		 		 		 		 		 0	 90	 PW	
Pretoria	
West	
2015	 		 		 		 		 		 		 		 		 		 		 		 		 		 		 0	 90	 C	 Camden		
2016	 90	 PW	 		 		 		 		 		 		 		 		 		 		 		 		 90	 180	 H	 Hendrina	
2017	 		 		 		 		 		 		 		 		 		 		 		 		 		 		 0	 180	 Mt	 Matimba	
2018	 		 		 		 		 		 		 		 		 		 		 		 		 		 		 0	 180	 K	 Komati	
2019	 		 		 		 		 		 		 		 		 		 		 		 		 		 		 0	 180	 G	 Grootvlei	
2020	 380	 C		 		 		 		 		 		 		 		 		 		 		 		 		 380	 560	 R	 Rooiwaal	
2021	 190	 C		 380	 H		 		 		 		 		 		 		 		 		 		 		 570	 1130	 S	 Sasol	SSF	
2022	 570	 C		 380	 H		 		 		 		 		 		 		 		 		 		 		 950	 2080	 Ac	 Acacia	
2023	 380	 C		 190	 H		 60	 Mt	 		 		 		 		 		 		 		 		 630	 2710	 Pr	 Port	Rex		
2024	 200	 K	 190	 H		 		 		 		 		 		 		 		 		 		 		 390	 3100	 Kr	 Kriel		
2025	 100	 K	 190	 H		 740	 Ar		 180	 G		 180	 R		 500	 S		 		 		 1890	 4990	 Kd	 Kendal		
2026	 100	 K	 190	 H		 370	 Ar		 360	 G		 480	 Kr		 180	 Ac	 180	 Pr	 1860	 6850	 D	 Duvha	
2027	 300	 K	 380	 H		 370	 Ar		 180	 G		 480	 Kr		 60	 Kd	 		 		 1770	 8620	 Ml	 Matla	
2028	 200	 K	 		 		 370	 Ar		 360	 G		 960	 Kr	 		 		 		 		 1890	 10510	 L	 Lethabo	
2029	 360	 K	 580	 Ml	 		 		 		 		 960	 Kr	 		 		 		 		 1900	 12410	 Ak	 Ankerlig	
2030	 1160	 D		 1160	 Ml	 		 		 		 		 		 		 		 		 		 		 2320	 14730	 Gk	 Gourikwa	
2031	 580	 D	 580	 Ml	 		 		 		 		 		 		 		 		 		 		 1160	 15890	 Cge	 Co	Gen	Etc	
2032	 580	 D	 580	 Ml	 		 		 		 		 		 		 		 		 		 		 1160	 17050	 T	 Tutuka	




























2034	 580	 D	 		 		 		 		 		 		 		 		 		 		 		 		 580	 18790	 Mj	 Majuba	
2035	 580	 T		 590	 L	 		 		 		 		 		 		 		 		 		 		 1170	 19960	 Mtp	 MTPPP	
2036	 1160	 T	 590	 L	 		 		 360	 Cge	 		 		 		 		 		 		 2110	 22070	 Ar	 Arnot	
2037	 580	 T	 		 		 1220	 Mt	 1350	 Ak	 750	 Gk	 		 		 		 		 3900	 25970	 		
	2038	 580	 T	 1180	 L	 610	 Mt	 630	 Kd	 		 		 		 		 		 		 3000	 28970	 		
	2039	 		 		 590	 L		 610	 Mt	 		 		 		 		 		 		 		 		 1200	 30170	 		
	2040	 580	 T	 590	 L		 610	 Mt	 		 		 		 		 		 		 		 		 1780	 31950	 		
	2041	 280	 mtp	 		 		 610	 Mt	 1890	 Kd	 		 		 		 		 		 		 2780	 34730	 		
	2042	 		 		 		 		 		 		 630	 Kd	 		 		 		 		 		 		 630	 35360	 		
	2043	 150	 S		 		 		 		 		 630	 Kd	 		 		 		 		 		 		 780	 36140	 		
	2044	 1860	 Ko	 		 		 		 		 		 		 		 		 		 		 		 		 1860	 38000	 		
	2045	 		 		 		 		 		 		 		 		 		 		 		 		 		 		 0	 38000	 		
	2046	 610	 Mj		 1020	 Ak	 		 		 		 		 		 		 		 		 		 		 1630	 39630	 		
	2047	 610	 Mj		 		 		 		 		 		 		 		 		 		 		 		 		 610	 40240	 		
	2048	 610	 Mj		 		 		 		 		 		 		 		 		 		 		 		 		 610	 40850	 		
	2049	 670	 Mj		 		 		 		 		 		 		 		 		 		 		 		 		 670	 41520	 		





























The	 South	 African	 government	 has	 had	 significant	 success	 in	 adding	 renewable	 energy	
capacity	to	the	South	African	power	pool.	The	REIPPP	(Renewable	Energy	Independent	Power	
Producer	Procurement	Programme)	 that	was	 introduced	 in	2011	has	made	South	Africa	a	
renewable	energy	hotspot,	and	has	been	successful	in	attracting	the	developers	to	the	market	
(Business	Monitor	International,	2015).		“The	high	rate	of	capacity	growth	registered	by	the	
market	 of	 the	 past	 two	 years	 and	 the	 strong	 investor	 interest	 shown	 in	 the	 auction,	
particularly	from	international	renewables	developers	such	as	SunEdison,	Enel	Green	Power	
and	Mainstream,	attest	to	the	REIPPP’s	success”	(Business	Monitor	International,	2015).	This	





this	 is	 a	 total	 14	 375	MW	of	 additional	 capacity.	 This	 new	 capacity	 has	 3	major	 projects	
contributing	to	it,	Medupi,	Kusile	and	the	Ingula	Pumped	storage	scheme	(10	896	out	of	14	
375	MW).	Beyond	2019	there	is	currently	2	657	MW	planned	-	all	 in	renewables.	All	these	
renewable	 energy	 projects	 go	 a	 long	 way	 to	 achieving	 reduced	 carbon	 emissions	 but	


























































Power	Plant		 	140		 2012	 Completed		
				3'913		
Rustmo	1	 North	West		 Solar	PV	 	7		 2013	 Completed		
Konkoonsies	 Northern	Cape		 Solar	PV	 	9.7		 2013	 Completed		




Cape	 Nuclear		 	1'840		 2013	 Completed		
Kalkbult	Solar	 Northern	Cape		 Solar	PV	 	75		 2013	 Completed		
Jasper		 Northern	Cape		 Solar	PV	 	96		 2014	 Completed		
Hopefield	 Western	Cape	 Wind	Farm		 	66.6		 2014	 Completed		
Noblesfontien		 Northern	Cape		 Wind	Farm		 	73.8		 2014	 Completed		
Greefspan	 Northern	Cape		 Solar	PV	 	11		 2014	 Completed		
Kathu	 Northern	Cape		 Solar	PV	 	75		 2014	 Completed		
Letsatsi	 Free	State		 Solar	PV	 	64		 2014	 Completed		




































Kliphuewel		 Northern	Cape		 Wind	Farm		 	27		 2014	 Completed		




Cape		 Solar	PV	 	85		 2014	 Completed		
Dreunberg	 Eastern	Cape		 Solar	PV	 	75		 2014	 Completed		
Linde	Solar		 Northern	Cape		 Solar	PV	 	40		 2014	 Completed		
Droogfontien	 Northern	Cape		 Solar	PV	 	50		 2014	 Completed		
SlimSun	 Western	Cape	 Solar	PV	 	5		 2014	 Completed		
Herbert	PV	 Northern	Cape		 Solar	PV	 	22		 2014	 Completed		
Soutpan	Solar	 Limpopo	 Solar	PV	 	28		 2014	 Completed		
Witkop	Solar	 Limpopo	 Solar	PV	 	30		 2014	 Completed		
De	Aar	Solar		 Northern	Cape		 Solar	PV	 	50		 2014	 Completed		




Eastern	Cape		 Wind	Farm		 	27		 2014	 Completed		
Jeffreys	Bay	
Wind	Farm		 Eastern	Cape		 Wind	Farm		 	138		 2014	 Completed		




Cape		 Wind	Farm		 	94		 2015	 Completed		
Neusberg	 Northern	Cape		
Hyrdo	










Solar	Park		 	100		 2015	 Completed		
Red	Cap	
Koega		 Eastern	Cape		 Wind	Farm		 	80		 2015	 Completed		
Dorper	Wind	
Farm		 Eastern	Cape		 Wind	Farm		 	100		 2015	 Completed		
Cookhouse	
Wind	Farm		 Eastern	Cape		 Wind	Farm		 	138.6		 2015	 Completed		









































Farm	 Eastern	Cape		 Wind	Farm		 	21		 2015	
Under	
Construction		









Park		 Free	State		 Solar	PV	 	60		 2015	
Under	
Construction		


































Copperton		 Northern	Cape		 Wind	Farm		 	102		 2017	
Contract	
Awarded		
Xina	Solar	One		 Northern	Cape		 Solar	PV	 	100		 2017	
Under	
Construction		




Cape		 Wind	Farm		 	140		 2018	
At	Planning	
Stage		
Mzimvubu	 Eastern	Cape		 Water	Project		 	180		 2018	
Under	
Construction		
Kusile		 Mpumalanga	 Coal	Fired		 	4'800		 2018	 Under	Construction		
Grootegeluk		 Limpopo	 Coal	Fired		 	600		 2018	 Under	Construction		
Medupi		 Limpopo	 Coal	Fired		 	4'764		 2019	 Under	Construction		


























Nojoli	 Eastern	Cape		 Wind	Farm		 	88		 Nd	 Under	Construction		




Solar		 Limpopo	 Solar	PV	 	66		 Nd	
Under	
Construction		




Project		 Gauteng		 Solar	PV	 	300		 	
At	Planning	
Stage		
Mulilo	 Northern	Cape		 Solar	PV	 	9.7		 	
At	Planning	
Stage		











Cape		 Termal	Solar	 	100		 	
At	Planning	
Stage		
Gibson	Bay		 Eastern	Cape		 Wind	Farm		 	111		 	
At	Planning	
Stage		
Scatex	Solar	 Northern	Cape		 Solar	PV	 	258		 	
At	Planning	
Stage		
















Cape		 Solar	PV	 	45		 	
At	Planning	
Stage		
Konkoonsies	II	 Northern	Cape		 Solar	PV	 	86		 	
At	Planning	
Stage		
Golden	Valley		 Eastern	Cape		 Wind	Farm		 	120		 	
At	Planning	
Stage		










Solar		 Limpopo	 Solar	PV	 	30		 	
At	Planning	
Stage		


























Perdekraal		 Western	Cape	 Wind	Farm		 	110		 		
Contract	
Awarded		














Coal	 fired	 power	 stations	 have	 a	 lead	 time	 of	 approximately	 8	 years	 in	 South	 African	
(Mckinsey	,	2015),	while	nuclear	power	could	take	longer	due	to	the	increased	complexity	









South	Africa	 has	 extensive	 coal	 reserves,	making	 coal	 power	 generation	 a	 “frugal	 choice”	
(Business	Monitor	International,	2015)	in	terms	of	cost	of	capacity	expansion.	Coal	is	“cheap	
and	 not	 particularly	 vulnerable	 to	 international	 supply	 concerns”	 (Business	 Monitor	

































































The	 implication	of	 this	 is	 that	 South	Africa	has	pledged	 to	 the	United	Nations	Framework	
Convention	on	Climate	change	that	will	allow	its	emissions	to	plateau	at	current	levels,	then	
emissions	will	peak	from	2020	until	2025,	and	then	reduce	from	2025	onwards.	The	South	
African	Government	will	be	 investing	heavily	 in	 the	 transformation	of	 its	energy	 sector	 to	

















This	 combined	 with	 unnatural	 market	 elements	 such	 as	 forced	 demand	 controlling	 (load	








































demand	 scenarios	 after	 taking	 into	 account	 the	 existing	 and	 new	 committed	 sources	 of	
supply.	
• The	 High	 demand	 scenario	 is	 based	 on	 5.4%	 GDP	 growth	 as	 stated	 in	 the	 National	
































2015),	 from	 this	 it	 is	 clear	 to	 see	 that	 the	 real	 cost	 producing	 power	 has	 increased	
substantially,	increasing	over	100%	in	a	5-year	period.	In	order	to	avoid	power	outages	Eskom	
has	been	operating	the	diesel	Open	Cycle	Gas	Turbines	for	significantly	longer	than	intended	









Year	End		 2015	 2014	 2013	 2012	 2011	
Cost	of	Electricity	(Excluding	Depreciation),	
R/MWh	 610.43	 541.92	 496.24	 374.19	 296.36	
Electricity	Operating	Cost	per	KWh	(including	
Depreciation	and	Amortisation)	R/KWh	





































Prior	 to	 2004,	 natural	 gas	 accounted	 for	 less	 than	 2%	 of	 South	 Africa’s	 primary	 energy	
demand.	This	demand	is	predicted	to	grow	to	7%	over	the	next	15	years	to	meet	the	growing	
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		 		 		 	 	
NDP	 National	Development	Plan		
	    IRP		 Integrated	Energy	Plan	2012		
	   IRP	Update		 Integrated	Resource	Plan	Update	2013	
	  GIP	 Gas	Infrastructure	Plan		
	    IAPP	 Industrial	Action	Policy	Plan	2015	



















































Domestic	 production	 of	 natural	 gas	 for	 South	 Africa	 was	 estimated	 by	 Business	Monitor	
International	to	be	42.37	billion	cubic	feet	for	2014	(Business	Monitor	International,	2015).	





Business	 Monitor	 International	 States	 (2015)	 South	 African	 gas	 consumption	 is	 heavily	
constrained	by	supply,	due	 to	 the	 lack	of	domestic	production	as	well	as	 importation	and	
















































Figure	5.1	Shows	the	Business	Monitor	 International	 forecast	 for	natural	gas	consumption	
(light	blue),	production	(dark	blue)	as	well	as	the	percentage	year	on	year	increases	in	demand	
(red).	 From	 the	 forecast	 one	 can	 see	 that	 domestic	 supply	 of	 gas	 is	 a	 huge	 constraint	 of	












(F-0	 Field),	 this	 field	 is	off	 the	 south	 coast	 and	holds	 gas	 reserves	of	 approximately	988.8	































































































































































activities	 in	 partnership	 with	 CMH	 S.A.	 (a	 subsidiary	 of	 ENH	 –	 the	 national	 hydrocarbon	
company)	 in	 a	 project	 aimed	 at	 developing	 120	million	Giga	 Joules	 of	 natural	 gas	 for	 use	
domestically	 and	 in	 South	 Africa	 (Republic	 of	 Mozambique	 Cabinet	 Council,	 2014).	 This	
resulted	in	the	exploration	and	production	from	the	Pande	and	Temane	onshore	gas	fields,	
along	 with	 the	 construction	 of	 an	 865	 km	 pipeline	 between	 Temane,	 Mozambique	 and	
Secunda,	South	Africa.	
	















Central	offshore	 17.9	 	 17.9	
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in	 September	2013	 there	was	a	discovery	of	onshore	gas	at	 the	Buzi	block	 located	 in	 the	
central	region	of	the	country	(Business	Monitor	International,	2015).	The	Buzi	block	in	located	



























































Current	 upstream	 production	 from	 the	 onshore	 Pande	 and	 Temane	 fields	 are	 set	 for	 an	






















to	 Sasol	 in	 South	 Africa	 from	 the	 onshore	 Pande	 and	 Temande	 fields	 via	 pipeline.	 Local	
demand	for	gas	in	Mozambique	is	small	and	will	continue	to	be	in	the	near	future	meaning	
that	most	of	 the	gas	production	will	be	exported	to	South	African	until	 the	 large	offshore	
Rovuma	fields	come	online	(Business	Monitor	International,	2015).	
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laws	 are	 not	 a	 complete	 overhaul	 of	 previous	 laws,	 but	 rather	 put	 into	 law	 what	 was	
previously	agreed	in	contracts	(Business	Monitor	International,	2015).	It	also	formalises	the	
allocation	of	oil	and	gas	production	rights,	ensuring	more	transparent	concession	allocation	






civil	 war	 that	 only	 ended	 in	 1992,	 leaving	 most	 of	 the	 countries	 limited	 infrastructure	
destroyed.	The	result	of	this	is	that	Mozambique	is	critically	lacking	gas	infrastructure.	Lack	of	
infrastructure	 is	 a	 key	 restraint	 on	 the	 development	 of	 the	 gas	 sector	 (Business	Monitor	
International,	2015),	as	reflected	in	the	Business	Monitor	International	SWOT	analysis	above	
in	Table	6.2.	Mozambique	has	3	major	ports:	Maputo	in	the	south,	Beira	in	the	central	region	






























































The	 LNG	 netback	 price	 is	 the	 opposite	 of	minimum	wholesale;	 it	 is	 a	 top	 down	 analysis,	







The	Minimum	Wholesale	Price	and	 the	LNG	netback	price	define	a	 range	of	potential	 gas	










































































cost	 of	 smaller	 fields	 escalates	 substantially,	 reflecting	 the	 strong	 economies	 of	 scale	 in	
upstream	gas	development	(Stanley	et	al.,	2014).	For	the	purpose	of	this	study	the	assumed	






























The	 ICF	study	submitted	 to	The	World	Bank	 for	 the	development	of	 the	Mozambican	Gas	
Master	Plan,	has	a	conceptual	study	of	a	pipeline	from	Palma,	Mozambique	to	Johannesburg,	








year	discounted	cash	 flow	model	at	a	10	percent	discount	 rate	 (Stanley	et	al.,	 2014).	 The	
resultant	 transport	 tariff	 is	3.2	 USD/MMBTU,	 for	 a	 114.245	 billion	 cubic	 feet	 per	 annum	
































































































































	 	 	 	 	 !"# = 	 &(1+&)+(1+&)[(1+&)+−1]	 	 																	[8.2]	
Where:	
r	=	interest	rate		
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	 	 ?4@417345	!267821 = 	 /++0217345	!267821	!262A78B	x	?:25	#2A8:&	x	/@217C7178B	x	8760				[8.4]	
	
	












one	 can	 determine	 the	 total	 levelised	 operations	 and	 maintenance	 costs	 by	 adding	 the	
levelised	 fixed,	 and	 variable	 costs	 to	 determine	 the	 total	 levelised	 operational	 and	
maintenance	costs	(equation	8.6).	
	K:821	?4@217345	I	2+5	J/JMℎ =	Levelised	Fixed	O	and	M/MWh		
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all	 the	 considered	 electricity	 generation	 technologies	 as	many	 of	 the	 inputs	 technologies	
(Capital,	Operations	and	Maintenance	as	well	as	 fuel)	 for	all	of	 these	are	 linked	to	 the	US	
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/MMBTU	 5.70	 6.49	 7.28	 8.07	 8.86	 9.65	 10.44	 11.23	 12.02	 12.81	 13.60	
USD/	GJ	 6.01	 6.85	 7.68	 8.51	 9.35	 10.18	 11.02	 11.85	 12.68	 13.52	 14.35	
	











USD/	GJ	 6.01	 6.84	 7.68	 8.51	 9.34	 10.18	 11.01	 11.84	 12.68	 13.51	 14.34	
R/GJ	 48.17	 54.84	 61.52	 68.2	 74.87	 81.55	 88.23	 94.9	 101.58	 108.26	 114.93	
Total	










































































































































LNG	will	 be	 the	 first	 gas	 available	 from	 the	 large	 offshore	 fields	 of	 the	 Rovuma	 Basin	 as	
discussed	in	Chapter	6.4.	This	presents	an	opportunity	for	South	Africa	to	use	LNG	to	boost	
electricity	supply	in	the	medium	term,	for	peaking	and	mid	–	merit	supply.	Deloitte	(2015)	
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economic	 case	 for	 the	 import	of	 LNG	 for	electricity	 generation.	 This	 is	 further	 support	by	
Business	Monitor	International	(2015)	stating	that,	Of	the	import	projects	under	proposal,	we	











































































Other	 coastal	 industrial	 zones	 such	 as	 Coega	 Industrial	 Zone	 and	 Richards	 bay	 could	 be	
developed	into	power	generating	hubs	that	could	integrate	gas	into	the	industrial	sectors	in	
these	areas.	Coega	is	similar	to	Saldanha	in	that	it	has	a	large	compliment	of	renewables	in	
the	 region	with	 no	baseload	 generation	 capacity	 and	 relies	 heavily	 on	 electricity	 imports.	






with	 Durban	 close	 by	 gas	 can	 be	 integrated	 into	 the	 transport	 and	 household	 sectors	 in	
additional	to	the	industrial	users	and	electricity	generation.	Having	these	3	LNG	power	nodes	
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• Pulverised	Coal	with	FGD	 	 -	 ZAR	584.14/MWh	
	



























Formatted: Font color: Text 1, English (UK)


















































in	 this	 study	 (based	 on	 the	 IRP	 2010-2030	 Update	 of	 2013)	 show	 that	 based	 on	 current	
information	Mozambican	gas	could	provide	an	economic	solution	to	South	Africa’s	electricity	
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competitive	 levelised	cost	of	electricity,	 this	means	that	 the	 investment	 is	a	more	feasible	
option	 for	 the	 financially	 distressed	 Eskom	 or	 a	 more	 attractive	 investment	 to	 possible	
























gas	 further.	 The	 volume	 of	 gas	 that	 can	 be	 transported	 through	 a	 pipeline	 increases	
exponentially	 with	 the	 increase	 in	 the	 diameter	 of	 the	 pipe,	 costs	 on	 the	 other	 hand	 an	
increase	more	or	less	linearly	(Stanley	et	al.,	2014).	“The	combination	of	exponential	volumes	





































The	South	African	Government	needs	 to	 lead	 the	process	by	 firstly	updating	 its	 stance	on	
natural	gas,	identifying	the	recent	Mozambican	gas	fields	as	a	Mozambique	as	a	key	potential	
source	of	gas.		The	Integrated	Resource	Plan	as	the	steering	document	must	to	be	updated	to	
reflect	 the	Mozambican	 gas	 as	 a	 potential	 source	 of	 gas	 to	 produce	 economically	 viable	
electricity	for	the	South	African	market.	The	Integrated	Resource	Plan	must	also	update	the	






to	 the	 Mozambican	 gas	 stakeholders	 in	 order	 to	 acquire	 additional	 and	 more	 accurate	
information	about	the	costs	of	LNG	and	Natural	Gas	to	determine	with	certainty	the	cost	that	
gas	 would	 be	 available	 to	 the	 South	 African	market.	 Once	 this	 has	 been	 established	 the	
ministry	 can	 then	 make	 an	 informed	 decision	 about	 how	 to	 move	 forward	 with	 gas	






























	          
		
Rated	Capacity	MW	 711	 711	 711	 711	 711	 711	 711	 711	 711	 711	 711	
Life	of	Program		 30	 30	 30	 30	 30	 30	 30	 30	 30	 30	 30	
Load	Factor		 50%	 50%	 50%	 50%	 50%	 50%	 50%	 50%	 50%	 50%	 50%	
Overnight	Capital	Cost		 6406	 6406	 6406	 6406	 6406	 6406	 6406	 6406	 6406	 6406	 6406	
Lead	Time		 3	 3	 3	 3	 3	 3	 3	 3	 3	 3	 3	




7089	 7089	 7089	 7089	 7089	 7089	 7089	 7089	 7089	 7089	 7089	
		 	          		Fixed	O	and	M	(R/Kw)	 163	 163	 163	 163	 163	 163	 163	 163	 163	 163	 163	
Variable	O	and	M	(R/Gj)	 0.7	 0.7	 0.7	 0.7	 0.7	 0.7	 0.7	 0.7	 0.7	 0.7	 0.7	
Variable	Fuel	Costs	(R/GJ)	 48.17	 54.85	 61.53	 68.20	 74.88	 81.56	 88.23	 94.91	 101.59	 108.26	 114.94	
		
	          
		
Heat	Rate		Kj/Kwh	 7487	 7487	 7487	 7487	 7487	 7487	 7487	 7487	 7487	 7487	 7487	
		
	          
		
CO2	Emissions	Kg/MWh	 388	 388	 388	 388	 388	 388	 388	 388	 388	 388	 388	
		
	          
		
		
	          
		
Adjusted	Capital	(R/MWh)	 134.25	 134.25	 134.25	 134.25	 134.25	 134.25	 134.25	 134.25	 134.25	 134.25	 134.25	
O	and	M	(R/MWh)	 37.91	 37.91	 37.91	 37.91	 37.91	 37.91	 37.91	 37.91	 37.91	 37.91	 37.91	
USD/	GJ	 6.01	 6.49	 7.28	 8.07	 8.86	 9.65	 10.44	 11.23	 12.02	 12.81	 13.60	
Fuel	(R/MWh)	 360.67	 410.66	 460.64	 510.63	 560.62	 610.61	 660.59	 710.58	 760.57	 810.56	 860.54	






























































































	       
		
Rated	Capacity	MW	 4500	 4500	 9600	 711	 711	 711	 711	 711	
Life	of	Program		 30	 30	 60	 30	 30	 30	 30	 30	
Load	Factor		 85%	 85%	 92%	 50%	 50%	 50%	 50%	 50%	
Overnight	Capital	Cost		 21572	 40845	 44010	 6406	 6406	 6406	 6406	 6406	
Lead	Time		 9	 9	 16	 3	 3	 3	 3	 3	





25772	 48789	 59226	 7089	 7089	 7089	 7089	 7089	
		 	       		
Fixed	O	and	M		 552	 923	 532	 163	 163	 163	 163	 163	
Variable	O	and	M		 51.2	 81.4	 295	 0.7	 0.7	 0.7	 0.7	 0.7	
Variable	Fuel	Costs	R/GJ	 17.5	 17.5	 6.8	 50.79	 59.16	 76.06	 92.96	 114.94	
		
	       
		
Heat	Rate		Kj/Kwh	 9812	 14106	 10762	 7487	 7487	 7487	 7487	 7487	
		
	       
		
CO2	Emissions	Kg/MWh	 947.3	 136.2	 0	 388	 388	 388	 388	 388	
		




































































(R/MWh)	 287.10	 543.51	 524.14	 134.25	 134.25	 134.25	 134.25	 134.25	
O	and	M	(R/MWh)	 125.33	 205.36	 95.51	 37.91	 37.91	 37.91	 37.91	 37.91	
Fuel	(R/MWh)	 171.71	 246.855	 73.18	 380.28	 442.93	 569.48	 696.03	 860.54	









/MMBTU	 6.010	 7.000	 9.000	 11.00	 13.60	
	
  
USD/	GJ	 6.34	 7.39	 9.50	 11.61	 14.35	
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,	 and	 the	 fact	 that	 no	 concreate	 commitments	 for	 any	 baseload	 electricity	 infrastructure	
expansion	beyond	Kusile	and	Medupi.	Considering	the	lead	times	this	is	very	concerning	
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